unrecognized and only 3% of these children were on daily treatments. 2 Townend et al, 3 have also reported a high prevalence of airway obstruction, to be significantly associated with poverty in several countries. At the international level, the importance of adequate, accessible, and sustainable housing in the cities by 2030 is one of the targets of the recent Sustainable Development Goal on sustainable cities, 4 while at the national level, housing the poor is an integral part of developmental policies. For instance, according to human settlements vision 2030 of South Africa and within the last 20 years, 2.8 million housing units have been delivered by the government. 5 However, according to the 2011 census, 13% of all households in South Africa still dwell in shacks and informal dwellings. In 2014, despite the effort of the South African Department of Housing to resettle people living in informal settlements, it was reported that one in four South Africans still lives in informal dwellings, with a potential increase to one in three by 2050. 6 This number is increasing daily in Western Cape Province, with the movement of people from other provinces or rural areas into urban settings. The housing structure and sanitation including the quality of life remain a big worrying factor in these rapidly growing settlements. 5 Asthma exacerbation and episodes occur mostly at home, especially during the weekends indicating the indoor home environment to be an important contributor to asthma-related outcomes. 7 It has been shown that asthma symptoms get worse at certain times of the year, while severe storms or sudden weather change can trigger asthma symptoms. 8 The weather and climate of the Western Cape is dominated by cold wet winters and hot dry summers, and can lead to increased asthma symptoms among vulnerable groups, such as young children and the elderly. The World Health Organization estimates that household air pollution from biomass fuel, together with second-hand tobacco smoke and household-related risk such as mold, is responsible for over 50% of respiratory morbidities in children under 5 years in low-and middle-income countries. 9 Indoor allergen and chemical exposures are the most important household risk factors associated with asthma and allergy severity. 10 However, there is inconsistent evidence of the effects of allergen exposure from pets on childhood asthma as found in a systematic review by Chen et al.
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A recent review by Patelarou et al, 12 suggested insufficient evidence for quantitative dose-response relationships between asthma outcomes and indoor air chemical and bioaerosol exposures, except for endotoxin and mold exposure indicators for which there was good evidence for childhood wheeze and asthma, respectively.
However, this review focused primarily on industrialized developed countries, which appear to have wide contrasts in the composition of household indoor air pollutants compared to developing countries.
While the composition of some of these pollutants may have similarities to more established households in South Africa, bioaerosols and indoor chemical air pollutant concentrations in informal households are likely to vary substantially in composition due to household materials, cleaning habits, ventilation, and different patterns of fuel use for cooking and heating.
The aim of this study was to determine the prevalence of childhood asthma-related outcomes and to investigate their association with Indoor Air Quality exposures, through a cross-sectional study undertaken in four informal settlements located in two municipalities of the Western Cape Province of South Africa.
| ME THODS

| Study population
This analysis forms part of a baseline study of a larger cohort investigation of the effects of both outdoor air pollutants and airborne fungal spores on childhood asthma in schoolchildren from these communities. This study also forms part of a broader study funded were selected based on a previous "needs analysis" aimed at undertaking a human health risk assessment (HHRA) of susceptible population groups that are affected by air pollution in the province. 14 An additional area (Masiphumelele), with relatively low air pollution levels, was included to reflect contrasting air quality.
However, all four informal settlements have similar and comparable socio-demographic profiles. There is some spatial variability in that the three study areas (Khayelitsha, Marconi Beam, and
Masiphumelele) are located about 20 km from Cape Town metropolis, having a distinct coastal climate, whereas the fourth area (Oudtshoorn) located inland in the Karoo region about 500 km from Cape Town has a semiarid climate. A list of primary schools in the selected communities was obtained, and information letters about the study were sent to school principals, followed by a detailed information session in the respective schools. The specific
Practical Implications
• Under-diagnosis and untreated asthma in informal settlements is contributing to the under-reporting of asthma and its severity among schoolchildren in sub-Saharan Africa.
• Interventions aimed at reducing damp conditions associated with or contributing to mould growth as well as emissions from paraffin use for cooking and heating is likely to contribute to the reduction of risk of rhinitis and asthma among these children.
selection of grade-4 pupils was to include participants that are old confidential, and anonymity was maintained through unique participant identifiers used throughout the study.
| Data collection
The baseline fieldwork was conducted during February and 
| Statistical analyses
All data analyses were done using statistical package STATA version 
| RE SULTS
The median age of children in the study was 10 years, with an approximately equal proportion of male and female children (49.5:50.5).
The majority of children (96.3%) lived in the same house since birth (data not shown). Children residing in Oudtshoorn had the lowest prevalence of atopy (28.2%), but the highest prevalence of exposure to prenatal maternal smoking (23.2%) compared to those in the other three areas. On the other hand, children residing in Masiphumelele had the highest prevalence of visible mold growth (15.6%) and dampness (13.9%) in their homes ( Table 1 ). The most common fuel type for cooking and heating was electricity and paraffin, with minimal (below 5% reported) or no use of other fuel types such as wood, animal dung, and gas (data not shown). However, children residing in
Marconi Beam reported the lowest use of electricity (42.7%) and the highest use of paraffin (74.7%) compared to the other three areas.
The prevalence of respiratory symptoms and asthma-related outcomes including pulmonary function results is presented in Tables 2 and 3 , respectively. While 12.9% of the responding parents or caregivers reported their child or ward to have current wheeze, only 3.4% reported doctor-diagnosed asthma and only 1.7% were on asthma medication (ie, only 50% of those reported to be diagnosed with asthma). A relatively higher proportion, 10.2% and 17.6%, were classified as having clinically significant airway inflammation (FeNO > 35 ppb) and airway obstruction (FEV 1 < LLN), respectively.
Female children had relatively smaller lung volumes than their male counterparts. Furthermore, they also demonstrated a significant higher prevalence (23.7% vs 14.4%, P < 0.01) of small airway obstruction (FEF 25-75 < LLN), but male children were more likely to have current asthma symptoms including severe asthma (Table 3 and Table A1 ).
Age, sex, and atopic status were strongly associated with asthma and related outcomes (Table 4) In the multiple regression models to assess the effect of indoor household exposures, dampness and visible mold growth significantly increased asthma-related outcomes ( Table 5 ). a smoker in the home significantly increased the odds of current wheeze (aOR: 1.79, 95% CI: 1.02-3.15) ( Table 5 ). The results of the sensitivity analysis using the stepwise approach were relatively similar to the saturated model and are presented in Table A2 .
| D ISCUSS I ON
The reported prevalence of 3.4% doctor-diagnosed asthma in this current study falls at the lower end of the prevalence range found in previous studies using similar validated ISAAC questionnaires.
However, the prevalence of doctor-diagnosed asthma reported in this study is within the range of those reported in the global pediatric asthma prevalence surveys on African children with reported proportions from 2.5% in Ethiopia and Burkina Faso to almost 10%
in Swaziland. 21 The prevalence of doctor-diagnosed asthma from recent cross-sectional studies from other low-and middle-income countries were as high as 7.5% in Iran, 22 6% in India, 23 4.8% in China, 10 3% in Senegal, 24 2.5% in Mongolia, 25 to 2% in Georgia. 26 Moreover, significant differences in asthma prevalence have been noted between urban and rural children of similar age-group. 21 For example, in this current study, the proportion of children residing near an urban area (Marconi Beam) with two or more asthma symptom score (ASS ≥ 2) is twice as high as compared to those residing in a rural area of Oudtshoorn (10.4% vs 5.0%). This difference could be due to the presence of a petrochemical refinery in close proximity to Marconi Beam. 27 Similarly, in a previous study in Cape Town, South Africa, a lower asthma symptom occurrence was reported in rural children (17%) as compared to urban children (34.4%). 28 The prevalence of childhood asthma also varied from 1.4% to 3.5% in rural areas and 1.5% to 4.1% in urban areas of Eastern European countries such as Poland, Ukraine, and Belarus. 29 However, the reported prevalence of current wheeze (12.8%) in this study was lower than ranges reported elsewhere in South Categorical variables, number (%). a Asthma symptom score ranging from 0 to 8 derived from a sum of positive answers to eight main asthma symptoms and bronchial hyperresponsiveness questions from the ISAAC questionnaire.
were conducted in highly industrial areas; therefore, the prevalence of current wheeze is expected to be higher than the current study.
In comparison with other large studies from the Southern
Hemisphere, a higher prevalence of current wheeze (32.6%) was reported in the ISAAC phase III study in Wellington, New Zealand, among children aged 13-14 years in the written questionnaire.
32
Although a large variation in asthma symptoms has been reported in global studies using the ISAAC questionnaire, 33 this study found the prevalence of reported asthma symptoms (current wheeze, 12.8%)
to be similar to the more objective measures generally used (airway obstruction identified on spirometry, 17.6%, and airway inflammation identified by high FeNO, 10.2%) in this study. This represents a strength of this study using a constellation of study tools to measure asthma morbidity.
An important finding in this study was the high proportion of under-diagnosed and untreated asthma in the schoolchildren residing in informal settlements that were studied. While the prevalence of doctor-diagnosed asthma was surprisingly low (3.4%) and only 50% among them on asthma treatment, a much higher prevalence of wheezing in the past 12 months (12.9%), airway obstruction (17.6%), and airway inflammation (10.2%) was found. The underrecognition and under-treatment of asthma among schoolchildren in Cape Town residing in low-income communities in South Africa has been reported over two decades ago. 2 More recently, a Nigerian study of low-income communities also found a high proportion of under-diagnosed childhood asthma with 2.2% reporting doctordiagnosed asthma in relation to 24.4% having possible asthma (asthma-related symptoms). 34 The findings of these studies support the conclusions of a recent review that there is considerable underdiagnosis and under-treatment of asthma in low-income countries and that this is responsible for the misreporting of the global burden of asthma published by the World Health Organization in 2014 35, 36 and that from the ISAAC Phase III study. 32 The high proportions of undiagnosed and untreated asthma in low-income communities are indicative of poor health care utilization uptake as well as poor identification of asthma symptoms compounded by limited access to asthma controller medication.
2,34,35
This study also found that the use of paraffin for cooking and heating significantly increased the risk of having airway inflammation (FeNO > 35 ppb) and was significantly associated with rhinitis.
Paraffin, together with electricity, is the most common source of energy in informal settlement communities in South Africa, as well as in many other low-and middle-income countries, among communities of low socioeconomic status. 37 The level, duration, and time pattern of exposure in microenvironments determine the extent of personal exposure to pollutants from sources such as paraffin, 44 were unable to demonstrate an association between high levels of indoor NO 2 and the risk of asthma and wheezing, respectively. However, it is difficult to determine the contribution of outdoor air pollution (including allergen and chemical pollutants) to the indoor environment or the degree of exposure a child is exposed to outside the home. There is therefore a need for studies that further characterize indoor and outdoor air pollutant exposures, in order to objectively evaluate their effect on asthma outcomes in children.
Other notable indoor exposures found to be significantly associated with asthma-like outcomes were dampness and visible mold growth. This study found schoolchildren from low-income informal settlements residing in houses with damp conditions and visible mold growths to have an increased risk of rhinitis and wheeze.
Previous studies that found dampness and mold as a major source of indoor allergens associated with increased risk of asthma development and exacerbation in children were mostly conducted in Europe and North America, which thus have varying aeroallergen composition as compared to those in the Southern Hemisphere.
However, the findings of this study are consistent with those reported in previous studies. In a meta-analysis of 31 studies, visible mold was significantly associated with an increased risk of rhinitis (OR: 1.82, 95% CI: 1.56-2.12). 45 Elsewhere, a 53% increased odds of wheeze from household dampness and mold was found independent of allergy status in a meta-analysis of 17 international studies. 46 A larger meta-analysis of more than 200 000 children from 61 studies also found a 68% and 49% increased odds of wheeze and asthma respectively in children residing in houses with visible mold. 47 The result of our study supports the evidence of the role of microbial causal agents and justifies the prevention of indoor dampness and mold, which in turn will reduce symptoms such as rhinitis. The causal association between dampness and mold for the development of asthma was evident in a meta-analyses of 16 studies, which found a significant effect of dampness (effect esti- Bold text denotes statistical significance at P < 0.05. OR, odds ratio; each OR is a separate unadjusted regression model. FEF , forced mid-expiratory flow; FeNO, fractional exhaled nitric oxide; FEV 1 , forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of normal below the 5th percentile; PEF, peak expiratory flow.
In this study, an investigation of host-related risk factors demonstrated a relatively higher prevalence (23.2%) of prenatal maternal smoking among schoolchildren in Oudtshoorn compared to the other study areas. This is consistent with that reported in women from the rural Western Cape. 49 However, the Oudtshoorn children had a relatively lower prevalence of atopy (28.2%) compared to the other study areas (range: 41.5%-43.6%). The lower prevalence of atopy in these children may partly be due to the more rural inland geographical location of Oudtshoorn compared to the coastal location of the other study areas with different aeroallergen exposures. These findings are also consistent with the lower prevalence of airway inflammation (FeNO > 35 ppb), in Oudtshoorn children (2.4%) compared to the other areas (range: 8.5%-16%). Atopy is a known risk factor associated with airway inflammation, 20 which was evident in this study as atopic children were significantly more likely to have high FeNO (>35 ppb).
Gender differences in asthma-related outcomes have been well documented in the literature. 50, 51 In this study, female children had a higher prevalence of both large (FEV 1 < LLN) and small (FEF 25-75 < LLN) airway obstructions, while male children were more likely to have asthma symptoms and more severe asthma (defined by asthma medication-use and sleep disturbances due to wheezing, chest tightness, or shortness of breath). The latter findings are consistent with other studies in the literature, which report that the prevalence and risk of asthma to be higher in male children before puberty and higher in female children after puberty. 
| CON CLUS ION
This study found that there is likely a high proportion of underdiagnosed and untreated asthma among schoolchildren from TA B L E 5 Associations between indoor household exposures and asthma-related outcomes among schoolchildren using saturated adjusted logistic regression models informal settlements areas in the Western Cape Province of South Africa, as extrapolated from the cross-sectional study undertaken.
The study also provided circumstantial evidence that schoolchildren from low-income informal settlements residing in houses with damp conditions and visible mold growth had an increased risk of rhinitis and wheeze. The study further provided circumstantial evidence that the use of paraffin for cooking and heating was associated with an increased risk of rhinitis and airway inflammation. Seasonal differences in the association between air pollution and childhood respiratory health including asthma are further explored in other research outputs of this study.
In the absence of providing new housing, recommendations include interventions to improve housing structure or redesign of new housing contemplated for these communities such as more effective ventilation to reduce dampness and mold growths. Such interventions would also lead to a reduction in the concentration of chemical pollutants from the use of paraffin for cooking and heating in such microenvironments. Additionally, interventions such as indoor dust control, avoidance of indoor tobacco smoking, and improved ambient air quality management will contribute further toward reducing asthma morbidity and mortality in this vulnerable population. Awareness of asthma symptoms especially wheeze, which is the most common symptom, should be improved, and education to seek medical assistance could be done in schools and community health centers. It further highlights the need to make asthma control medication accessible in health centers serving these communities, which has the potential to reduce asthma severity and the need for hospitalization.
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